The formation of microtubule-derived structures is thought to involve nucleation in all directions and stabilization of microtubules that contact relevant targets. A recent study indicates, during mitosis, there may be a third step, in which microtubule growth is directed over long distances without physical contact between the target and microtubules. 
Simplified Systems for Studying Mitotic Spindle Dynamics
In 1996, the Karsenti lab [6] developed an exciting experimental system which allowed them and others to examine spindle formation in the absence of both centrosomes and kinetochores. They added DNA coated beads to Xenopus meiotic egg extracts and followed the assembly of bipolar spindles around groups of beads. This system has led to breakthroughs in our understanding of the roles of microtubule motors in the mitotic spindle [7, 8] and the Ran-GTP gradient in spindle formation [3, 9] , as well as the generation and stabilization of microtubules by chromatin [10] .
Carazo-Salas and Karsenti [4] have now extended this system by adding back centrosomes to determine the effects of chromatin beads on centrosome behavior. In essence, they have separated the searching mechanisms of the spindle from the kinetochore capture machinery. Centrosomes, rhodamine-tubulin and DNA-coated fluorescent beads were mixed in Xenopus meiotic egg extracts, which were then placed in a chamber that allowed microtubules to search freely in three-dimensional space. A location where DNA beads occur 20-30 µ µm from a centrosome was then filmed using fluorescence microscopy to visualize both the DNA-coated beads and microtubules.
Carazo-Salas and Karsenti [4] found that the DNAcoated beads had very specific effects on the microtubule dynamics of spindle fibers nucleated by centrosomes, and these depended upon the distance from the centrosome to the beads (Figure 1 ). When the distance was greater than 30 µ µm, chromatin did not influence the centrosome, which produced homogeneous microtubule asters of short dynamic microtubules. When the distance was between 10 and 30 µ µm, however, a number of microtubule bundles emerged on the same side as the chromatin that were significantly longer and more pronounced. This asymmetry shows that chromatin and the centrosomes are 
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Centrosome aster DNA-coated beads somehow communicating over a 30 µ µm distance. The longest microtubule bundles were often not directed directly towards the beads; rather, they were more likely to graze past the most outside bead. Furthermore, the asymmetry was lost when centrosomes were closer than 10-15 µ µm from the beads. This suggests that there is negative regulation that inhibits microtubule growth at close distances. The centrosomes were also seen to move toward the beads, but rather than move directly to the beads, they appeared to translocate along the longest microtubule bundle. When the centrosomes reached approximately 10-15 µ µm -close to the normal distance of a centrosome to metaphase plate of 12 µ µm -the aster movements stopped. CarazoSalas and Karsenti [4] also observed that, if the beads clumped together in a fashion that had a longaxis, the clump was turned by the microtubules such that the long-axis was perpendicular to the centrosome-chromatin axis. Finally, they filmed a situation where two centrosomes were close to a clump of beads. They found centrosomes positioned the beads between themselves, setting up a bipolar system. Moreover, the beads were once again turned so that the long bead-axis was perpendicular to the pole-to-pole axis.
A critical future question is to determine how microtubules sense chromatin at a distance. An exciting possibility is that chromatin is generating a gradient signal that is recognized by a receptor that regulates microtubule plus ends. Such long-range gradients are common in cell-to-cell signaling during development ( [11] , recently reviewed in [12] ), but have not been described within a cell. There are numerous examples of spindle regulation by physical contact, and recently a short-range gradient of Ran-GTP has been established as a key factor in mitotic spindle formation and maintenance [3,9,10]. As pointed out by Carazo-Salas and Karsenti [4] , however, direct measurements of the Ran gradient suggests that it is very shallow and would not extend far enough to accommodate these long-range effects [13] [14] [15] . Therefore there is presently no strong candidate for the longrange signaling molecule. Fortunately the long-range effects are produced in Xenopus extracts which is an excellent experimental system in which to address such mechanistic questions in the future.
Relevance to the Mitotic Spindle?
It is tempting to speculate on the role of the long-range signaling system during mitosis. How the mitotic spindle maintains the correct pole-to-pole distance is quite mysterious, so it is intriguing that the movements of centrosomes towards chromatin were found to halt at a distance, 10-15 µ µm, close to the half-spindle length in Xenopus extracts (25 ± 0.2 µ µm) [9] . This correlation suggests that the normal function of the signaling system could be to determine spindle length. It may also be particularly important that microtubule length is regulated tightly in situations where chromosomes are segregated in a syncytium, such as the Drosophila early embryo, to keep adjacent mitotic spindles from conjoining.
Carazo-Salas and Karsenti [4] point out that finding a long-range signal may be important to our understanding of how the mitotic spindle is self-organized from individual components. A hallmark of many self-organizing systems is that they use long-range signals as a form of positive feedback to gather the components of the system [16] . This positive feedback is often countered by short-range negative feedback that gives order to the gathered components. Fish schooling is an example of such a self-organizing system [16] . Fish group together because of an attraction to other fish of the same species. This is a form of positive feedback which uses the long-range signal of sight. The gathered fish do not bump into each other because the attraction is countered by short-range systems that keep each fish a certain distance from its neighbors. The positive and negative feedback systems work together to generate the complex ordered system of a school of fish from randomly positioned individual components. Similarly, the long-range microtubule signal may be part of a positive feedback system in the mitotic spindle. One potential role for the signal may be to concentrate microtubules or microtubule binding components so that they can be ordered by short-range signals such as the Ran gradient.
The new demonstration of a long-range microtubule signaling system [4] has defined at least two critical questions for spindle morphogenesis. How is the gradient formed? And what is its role in generating the spindle? It will also be important to determine if longrange signals are used generally during establishment of microtubule networks, or whether it is unique to the mitotic spindle.
